INTRODUCTION
To enable bleaching in detergents, the decomposition reaction of dyes using peroxidase has been studied thus far 1 5 .
Peroxidase has broad substrate specificity; because a redox reaction occurs with hydrogen peroxide as a first substrate and a redox reaction occurs with a hydrogen donor as a second substrate, the first and second substrates are essential. Some second substrates have low reactivity; by combining a more reactive hydrogen donor with a persistent dye, a radical reaction was enabled to successfully promote the decomposition of the persistent dye 6 .
In this study, to develop an enzyme system having the functions of migration proofing, bleaching, and decomposition of soil as a new compounding agent for detergents, the reactivity and detergency of p-iodophenol a hydrogen donor with oleic acid, a non-hydrogen donor used as a fouling component, were studied.
EXPERIMENTAL PROCEDURES

Materials
Horseradish peroxidase HRP Wako Junyaku was diluted with ultrapure water for use, and its concentration was calculated using a molar absorption coefficient of 1.02 10 5 mol 1 dm 3 cm 1 403 nm 7 . As a model soil compo-nent, oleic acid for HPLC, Tokyo Chemical Industry was used intact. As an activator, p-iodophenol Wako Junyaku, class 1 was used. As for the other reagents, reagents of the highest class were used. Ion-exchanged water was distilled once and treated with a Millipore filter before use..
Apparatus
For the measurement of absorption, a Hitachi U-2010 ultraviolet-visible spectrophotometer, a constant-temperature cell holder with a Hitachi 131-0040 temperature indicator, and quartz cells with an optical path length of 1 cm were used. For the analysis of oleic acid after the reaction was stopped, a Hitachi L-7000 high-speed liquid chromatograph Hitachi L-7100 pump, Hitachi L-7400 UV detector, Hitachi L-7300 column oven, and Hitachi L-7610 degasser was used. Abstract: The reactivity and detergency of a horseradish peroxidase reaction system with oleic acid, a nonhydrogen donor used as a soil component, were studied. Under a coexistent system of horseradish peroxidase and p-iodophenol, oleic acid decomposed quickly. In addition, because the coexistence of p-iodophenol provided detergency, a new function of horseradish peroxidase was shown.
Measurements
Key words: fatty acid, detergency, horseradish peroxidase, p-iodophenol, non-hydrogen donor RAPID PAPER
Analysis of oleic acid by HPLC
For the analysis of oleic acid, 4 mL of the eluent and 0.5 mL of 0.01 M heptadecanoic acid the internal reference material were added to 0.5 mL of the reacted solution. Next, 100 μL of the solution was injected to conduct HPLC analysis.
For the analysis of oleic acid, a Hitachi L-7000 highspeed liquid chromatograph was used. As a column, a GL Science Inc. Inertsil ODS column 4.6 mm i.d., 250 mm was used. For data processing, a Shimadzu C-R6A Chromatopac was used. Further, methanol : acetonitrile : water : trifluoroacetic acid 67.5 : 25 : 7.5 : 0.01 was used as the eluent. The flow rate was 1.0 mL/min, the detection wavelength was 210 nm, and the analysis temperature was 40 . After being washed, the fabric was rinsed with water for 5 min. After it was air-dried, the surface reflectance of the wet-type artificially soiled fabric at 560 nm was measured, and the washing efficiency was calculated from the following equations:
where K is the absorption coefficient, and S is the scattering coefficient. R is the surface reflectance, K/Ss is the K/S value before washing, K/Sw is the K/S value after washing, and K/So is the K/S value of non-soiled white fabric.
RESULTS and DISCUSSION
3.1 Decomposition of oleic acid using a system containing p-iodophenol Figure 1 shows the results of analysis of the solution of oleic acid reacted using a system combining HRP and p-iodophenol. A peak for oleic acid is observed at a retention time of 12.9 min and a peak for heptadecanoic acid at 14.8 min. Using a system combining HRP, H 2 O 2 , and p-iodophenol, the peak area of oleic acid decreased by 18 , as shown by an internal reference method. Figure 2 shows the results of comparisons with HRP plus H 2 O 2 and H 2 O 2 alone. For HRP plus H 2 O 2 and H 2 O 2 alone, because the peak area of oleic acid decreased by about 2 , the effect of peroxide seems to be small. It was shown, however, that with the coexistence of p-iodophenol, the decomposition reaction proceeded in a short time. Although oleic acid does not react directly with HRP, because it is not the second substrate hydrogen donor , as shown in the following equation, a radical reaction proceeds between the p-iodophenol radical generated in the HRP reaction cycle and oleic acid, and oleic acid seems to be decomposed. The decomposition products of oleic acid need to be studied in future.
Detergency using a system containing p-iodophenol
Because oleic acid seems to have reacted with the p-iodophenol radical in a solution system, a wet-type artificially soiled fabric containing oleic acid was used to study whether carbon black is removed from a fiber substrate by decomposing oleic acid, which adheres as a film on carbon black. Figure 3 shows the results. The cleaning efficiency of water alone was 13 and that of the HRP-H 2 O 2 -p-iodo- Decomposition of fatty acid and detergency using a system combining horseradish peroxidase and p-iodophenol phenol system was 18 . When SDS was added to the HRP-H 2 O 2 -p-iodophenol system for comparison with SDS washing liquid, the washing efficiency increased in comparison with that of SDS alone.
This showed that when an HRP-H 2 O 2 -p-iodophenol system is employed as a washing system, not only bleaching 1 5 but also the removal of fatty acids is expected.
CONCLUSION
It was shown that because peroxidase can also be employed for reaction with fats other than hydrogen donors, its multifunctional properties are confirmed. It was found that although detergents and lipase have been used for the removal of fat currently, the coexistence of peroxidase improves this process as it has an effect in the presence of a detergent.
